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Axiom. $n$ 2 $|\phi\rangle$ $\mathbb{C}^{n}$ (
) ( ) 1
- $V_{1}\oplus V_{2}\oplus\cdots\oplus V_{d}$ $\mathbb{C}^{\mathrm{n}}$
$|\phi\rangle$ $V_{1},$ $V$2, . . . , $V_{d}$
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$\grave{\mathrm{J}}|\phi\rangle$ $=\oplus_{i=1}^{d}|\phi_{i}\rangle$ $(|\phi_{\dot{f}}\rangle\in \mathrm{T}_{i}^{r},)$ $||\phi_{i}\rangle$ |2 $|\phi\rangle$ $|\phi_{i}\rangle$
$V_{i}$
Example 2.1. $n=2$ $\mathbb{C}^{2}$
$\{|0\rangle, |1\rangle\}$
$|0\rangle$ $\langle|0\rangle\rangle\oplus\langle|1\rangle\rangle$ 1 $|0\rangle$
$\langle_{\sqrt{2}}^{\mathrm{L}^{0}[perp]+\lrcorner 1}\mathit{1}\rangle\oplus\langle^{\mathrm{L}^{0}\mathit{1}_{\sqrt{2}}^{-1}}[perp]\rangle$ 1/2 $\varphi_{2}^{0_{\mathrm{V}}+1}$ 1/2
$\mu_{2}^{0-1}$
$\langle^{0+1}\mu_{2}‘\rangle\oplus\langle\frac{|0\}-|1\}}{\sqrt{2}}\rangle$ 1
$\langle|0\rangle\rangle\oplus\langle|1\rangle\rangle$ 1/2 $|0\rangle$ 1/2
$|1\rangle$
Axiom. t $|\phi\rangle$ $\in \mathbb{C}^{n}$ $\phi\rangle$
$x\in U(\mathbb{C}^{n}\cdot)$ ( )
Exaxnple 2.2. $S$ ( ) $M$
$x$ $S$
$|0\rangle$ $|1\rangle$ 1/2 $x=I$
( ) $\mathrm{A}f$ 1/2 $|0\rangle$ $|1\rangle$
$x=(1/\sqrt{2}1/\sqrt{2}-\cdot 1/\sqrt{2}1/\sqrt{2}‘)$ $M$ 1/2 $\mathrm{L}^{0}\mu_{2}^{+1}$ $\llcorner 0-\#\iota 21$
3 2
Example 3.1. $n=2$ $\rho=(\begin{array}{ll}\mathrm{l} 00 0\end{array})$ $(\begin{array}{ll}1 00 0\end{array}),$ $(\begin{array}{ll}0 00 1\end{array})$
$p$ $(\begin{array}{ll}1 00 0\end{array})$
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$\frac{1}{2}(\begin{array}{ll}1 11 1\end{array}),$ $\frac{1}{2}(\begin{array}{ll}1 -1-1 1\end{array})$ $\rho$ 1/2
$\frac{1}{2}(\begin{array}{ll}1 1\mathrm{l} 1\end{array})$ 1/2 $\text{ ^{}\mathrm{v}}\frac{1}{2}(\begin{array}{ll}1 -1-1 1\end{array})$
Axiom. $\rho\in \mathrm{A}f_{n}$(C) $\rho$
$x\in U_{n}$ (C) $x\rho x\dagger$
Example 3.2. $S$ $M$ $|0\rangle$ , $|$ 1 $\rangle$
1/2 $x\in U_{2}(\mathbb{C})$
$M$ $\rho=\frac{1}{2}(\begin{array}{ll}1 00 1\end{array})$






Axiom. $\rho$ $X_{1},X_{\lrcorner}^{r},$ $\ldots,$ $X$k p” $p_{B}’$ ,






Definition. $X$ $U_{n}$ (C) p $X$
$(X,p_{X})$ $\rho\in M_{n}(\mathbb{C})$
$\sum_{x\in X}p_{x}x\rho x^{\mathrm{t}}=\frac{1}{n}I$
4.1. $\# X$ ( Corollary 5.2 )





Exaxnple4.3. Weyl $X$ p
$X=\{x^{i}\dot{\oint}|0\leq i,j’<n\}$
$x=(\begin{array}{lllll}0 1 0 .1 0 11 0\end{array})$ , $y=(\begin{array}{lllll}1 \omega \omega^{2} \ddots aJ^{\mathrm{n}-1}\end{array})$
$\omega$ 1\sigma \supset $n$
Proof. $G$ $X$
$G=\{\acute{.}\mathit{0}^{h}x^{i}y^{j}|0\leq h,i,j<n\}$
$\sum_{0\leq\dot{\cdot},j<\mathrm{n}}\frac{1}{n^{2}}(x\dot{.}y^{i})\rho(x.\cdot y^{j})^{\dagger}=\sum_{0\leq h.i_{\dot{\theta}}<n}\frac{1}{n^{8}}(jx.\cdot y^{j})\rho(ux^{:}i)’=I$
Example 4.4. $M_{n}$(C) $\langle$ , $\rangle$tr: $M_{n}.(\mathbb{C})\mathrm{x}M_{n}(\mathbb{C})arrow \mathbb{C}$
$\langle A, B\rangle_{tr}=\frac{1}{n}\mathrm{B}\mathrm{a}\mathrm{c}.\mathrm{e}(AB^{\mathrm{t}})$ $A,$ $B\in M_{n}$ (C)






Definition. $X$ $U_{n}$ (C) $p\mathrm{x}$ $X$
$\mathbb{C}^{X}$ $-T_{\text{ }}$ $\# X$ $X$
$(X,p_{X})$ $n^{2}$ $\mathbb{C}^{X}$
$1\leq a,$ $b$ \leq n $\mathrm{x}_{a,b}\in \mathbb{C}^{X}$ $x$ $x$ $(a, b)$- $x_{a,b}$
$\sqrt{p_{x}}$ $\sqrt{|p_{x}}’x_{a,b}$









Proof. $X=\{x" x_{2}, \ldots, x_{r}\}$ $x_{i}$














$= \frac{1}{2n}(\langle \mathrm{x}_{a,h},$ $\mathrm{x}_{b,h}\rangle_{n}+\langle \mathrm{x}_{a,k},$ $\mathrm{x}_{b,k}.\rangle_{n}-i\langle \mathrm{x}_{a,h},$ $\mathrm{x}_{b,k}\rangle,\}+i$
$\mathrm{x}_{a,k},$
$\mathrm{x}_{\theta,h}\rangle_{n})_{a,b}$
$= \frac{1}{2n}$ ($2\delta a,b-i\langle$xa,h) $\mathrm{x}_{b,k}\rangle n+i\langle \mathrm{x}a,k,$ $\mathrm{x}b,h\rangle$n)a,b
$\sum_{1\leq s\leq r}.psXs\beta_{h,k}^{1\dagger}X_{\epsilon}$
$= \frac{1}{2r\iota}$,(. $\langle \mathrm{X}\alpha,h,$ $\mathrm{X}h.h\rangle n$. $+\langle$XQ,k, $\mathrm{x}_{b_{:}k}\rangle n+\langle$X,h, $\mathrm{x}_{h,k}\rangle n+\langle$x$a$,k, $\mathrm{x}_{h.h}\rangle n,$) $a,t$)
$= \frac{1}{2n}$ ($2\delta a,b+\langle X,h$ , $\mathrm{x}_{b,k}\rangle n+\langle$x$a$,k, $\mathrm{x}_{b}$,h $\rangle_{n}$ ) $a$,b
$[searrow]$
$\langle \mathrm{x}_{a,h},\mathrm{x}_{b,k}.\rangle_{n}-\langle \mathrm{x}_{a,k},\mathrm{x}_{b,h}\rangle_{n}=0$ $\langle \mathrm{x}_{a,h}, \mathrm{x}_{b,k}\rangle_{n}+\langle \mathrm{x}_{a,k},\mathrm{x}_{b,h}\rangle_{n}=0$
$_{-}^{\sim}$
$1\leq h<k\leq n$






Corollary 5.2 ([2], [3]). $(X,p_{X})$ $\# X\geq n^{2}$
Proof. $\mathbb{C}^{r}$ $t$ $r\geq t$




Proposi.tion 5.3. $X=\{X^{k}\}$ $U$ (H) $_{arrow}’$
p $X$ $X$ Trace .
$p_{X}$
($X$ ,p ) 1 $\cdot$
(, $\rangle$ n
Proof. $\{\prime x_{a,b}.\}_{1<a,b\leq’?^{2}}$. $|\backslash \mathit{1}\vee$
$\prime r\iota^{2}$ $\mathrm{x}\prime r\iota^{2}$
$U$
$U=\{\begin{array}{l}\prime x_{1.\mathrm{l}}x_{1,2}\cdots x_{\mathrm{J}_{\prime}\cdot\prime\iota^{2}}x_{2,1}\mathrm{l}x_{2_{|}2})\cdot(x,n^{2}.,n^{l}\prime\end{array}\}$




$\prime r\iota U^{\uparrow}$ $U$
$U \dagger U=\frac{1}{n}I_{n^{2}}$
$n\sqrt{p_{i}p_{j}}\langle X_{i}, X_{j}\rangle_{Tr}=\delta_{i,j}/n$








Corollary 5.4. ($X$,p )
$p_{X}$ .
$P_{7}vof.$ Proposition 5.3 Theorem 5.1
6
\subset




Pri $\mathrm{t}_{1}\mathrm{e}_{J}$ Quantum Channels
Traoe “Unitary
Error $\mathrm{B}.\mathrm{a}\mathrm{s}’ \mathrm{i}\mathrm{s}^{*}$ ” $\nu$ $\mathrm{a}_{\mathrm{o}}$
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